
J 3 

II 
0 

a 
LU 

0 
V) o 
UJ Z 

LU0 LU 
3 

1 
UJ 

5 00 CUJ 03 
UJf 
0 = 

1 
as =0 

UJ — 
I —UJ 0• 

00 
LU 

E0 
0 00 
00005 
0 000000000 

3 
UJ 

09V 
o 0 
0000 
— 

— 
CO0 

0 
) 

0 

o — 
I 
41 

U 
69 



Table 28 were converted to equvaent domestic sewage by adjustng theirsuspended 
solds content to 200 Then the sludges produced from treat¬ing the 

dilute effluents pumped back are etmated by assumng a primarysudge producton 
of 2240 (gal.) (5 soids) per miion cu (M) ofadjusted fow and 18,700 

cu m (gal.) (1% solids) of waste activated permilon cu m of adjusted 
flow. These calculations are summarized inTable 30.1 Hydraulic ConsiderationsIt 

may 
be seen from Table 30 

that 
the estimated sludge volumes producedvared widely with the treatment 

sludges and this varation is attrbutable to the qualty of the dlute 
effluents That Is, the poorer the dilute effluent quality, the greater 
thesludge volume produced by the dryweather plant, whch is to be 

expected.For example, the data in Table 30 show that the quality of the 
diluteeffluent 

from screenngflotation is of apprecably poorer quality 
thanthose 

of the other dute effuents Investgated, and the sudge voumesproduced 
as a result of treating the dlute effluents from screenng-flotaton are 

correspondngly appreciably greater than those from any ofthe other 
CSO treatment methods.It was prevously establshed that the daily design 
volume of sudge(primary plus 

activated) 
to be handled by the hypothetcal dry-weathersludge handling 

facites 3.6 0 cu (96 Comparng thisvalue with the addtional sludge 
volumes expected and shown in Table 30Indicates that three of the fve 

sludge voumes hown (from storage -sedimentation, dssolved ar flotaton and 
trcklng filtraton) can beintermittently handled by the dryweather 

sludge handling faclities,assumng that the dry-weather sludge handng 
faciltes are below de¬sign conditions (which is a reasonable assumption).On 

the other hand It appears that two of the five sudge volumes nTable 

30 (screen and contact stablzaton) would overload 

the dry-weather sludge handlng faclties. Coser examnationof Table 30 
shows that the two sudge volumes in queston were dervedfrom dilute 

effluents comparatively hgher In quantty and poorer Inquality than the 
other 

dilute effluents. This lends emphasis to theImportance of performing 
the CSO treatment methods and the CSO treatmentsludge method as 

effcently as possible so as to permt thebleed/pump-back of dute 
effluents to the dry-weather treatment plant.For example, further nvestgaton 

(T2) nto the dewatering tests per¬formed on the sludges from of CSO 
yieldng the diluteeffluent qualties shown in Tables 21 and 30 indicate 
that the dewaterng was accomplished without the aid of chemicals.The 
use of chemical conditonng would probably Improve the dluteeffluent 

quality permtting bleed/pump-back to the dry-weaher plant withan 
appreciable 

reducton n the amount of sludge produced for furthertreatment by 
the dryweather sludge handling faclites.70 



2. Solds Loadng ConsiderationsFor 

our hypothetical dry-weather plant, the desgn dry-weather solids obe 
handed (prmacy plus activated) has been establshed at 5.3 10kg/day (.7 

0 The additonal sudge sods produced bypumpng back the dilute 
dewatering effluents (whose estimated sudgevolumes are shown in Table 30) 

are estimated by assumn primarysludge concentration of 5 and a 
waste actvated sludge concentraton of1. A summary of the addtonal sludge 

solds expected I shown In Tabe31.The conclusions drawn from the solds 

inforaton 
contaned In Table 31are smilar to those derved from Table 30 

with 
regard to the hydraulicconsiderations evaluated namely,a. Comparson 

of 
the sludge handlng faclty desgn 

solds oading of5.3 10 kg/day (11.7 I0 with the additional soldsloadings 
shown n Tabe 29 Indcates that three of the fve oldsoadings 

shown in Table 30 (from storage-sedimentation, fotaton and 
trickling 

fitraton) ca be intermittently handledby the dryweather sludge 
handlng assuming that thedry-weather sludge handlng faclties are 

beow desgn condtons(whch Is a reasonable assumpton). On the oher 
hand It appears that two of the fve solds loadingsin Table 30 

(screen 
and contact stabilization) 

would 
createa solds overload problem for the dry-weather sludge handlng 
fa¬cilties. However, as Indcated prevousy, it Is felt that thsprobem 

may be minimized by more effcent treatment and treatment sludge 
dewatering performance, thereby permting thesatisfactory 

beed/pump-back of the dilute effluents to the dry-weather plant.BOD, 
heavy metals, and pestcide data on the dlute effluents from 

de¬watering CSO sludges were not discovered In the literature, and 
therefore.no 

comment Is made at ths time regarding organic overload, totreatment, and 

sludge handlng efficiency due to these poutants.In summary It may be 
concluded 

that bteed/pump-back of CSO treatment sludgesto the dry-weather 
plant does not appear to be a viable or practical solutonon a 

generalied 

bass 100 of the CSO volume was treate and generatedsludge, t would result 
n gross overloadng of the dryweather treatmentplant and the dry-weather 

sludge handlng facilties. The most lmtng as¬pect of bleed/pump-back of sludge 
through the treatment plant and sludgehandlng faciities s the solids 

loading (to the fnal and thedigesters). On the other hand, bleed/pump-back 
of 

the dlute residual fromon-ste dewaterng of CSO treatment sludges to the 
dry-weather plant appearsto be practcal and warrants further consderations 

where applcable. How¬ever, It must be stressed that actal evaluaton of 
the feasiblty of bleedpump-back of CSO sludges must be completely evaluated 
for each indvdualsite. The potential problems associated wth transport of a 

grtty sludge.solds overload to the treatment and sludge handlng processes and 
lower71 
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treatment plant effcency must be evaluated at each site and costeffectveness 
of bleed/pump-back determined.73 



SECTION 

VIEFFECT 
OF HANDLING TREATMENTRESDUALS 

BY SEPARATE SLUDGE HANDLING 

FACLITESINTRODUCTIONThe 

most 

feable method for handing specfc CSO treatment resduals mustbe evaluated 
on an individua bass. As Indcated In the previous secton,bleed/pump-back 

Is not a vable soluton in most stuatons due to problemsof transport n ppelines 
and potental solids overload In the varous dry-weather treatment 

processes. 
Once evaluaton ndcates that bleed/pump-backIs not an acceptable aternatve, 
then separate sudge handlng faclitesmust be provided. The proceses 

must 
be capable of handlng the specfccharacterstics associated wth CSO 

sudges. 
They also must be suffcentlyflexible for anticpated ntermttent operation. 

Once applcable processesfor sludge handlng are dentfed, treatment trains 
can be establshed toIntegrate all phases of sludge handlng. It mus be 

emphaszed at thspont that the systems proposed in this secon are generaly 
suted for CSOsludges, however design of a specfic system must be consdered 

on an indi¬vdual bass where much dfferent schees may be appropriate. The 
laststep In evaluaton of separate sludge handling faclties Is locaton.There 

are essentaly three systems whch can be consdered: 1) transporta¬tion 
to parallel facltes at the dry-weather plant, 2) transportaton to 

acentrally located CSO sludge handng site and 3) satelte sludge treatment.The 
advantages and dsadvantages of each technque are presented.This section has 
been 

dvded to consder several aspects of sludge treatmentfor CSO 

residuals 
indivdually. The limtations Imposed by the nature ofCSO sludges are 

presented frst. Then a bref dscusson of various sludgehandling processes 
s included, folowed by development and techncal evalua¬tion of vabe sludge 

handlng alternatives. The fnal porton of the secton dscusses alternative 
locatons available for treating the sludge.SPECAL HANDLING REQUREMENTS FOR CSO 

TREATMENT RESIDUALSThe characterstics of CSO treatment residuals 

drectly 

affect the number ofprocesses which can be used for 

handling these sludges. Specfic attentonmust be gven to the high grit content 
and low volatle solds concentratonof these materials. addtion the wde 

varation In frequency and volumeof each occurrence requires that he sludge 
handling process be flexibleenough to handle Intermttent operation.7 



The Information ndcating the effects of hgh grit and ow volatle solidscontent 
has been presented previously throughout ectons and V. Thefollowng 

is a summary of ths informaton for convenience:a. That 

substantal 
amounts of solids are transported to the dryweather plants 

under wet weather conditions Is substantated by sg¬nificant data 
valable from the literature (7) example, pre¬sented in Table were 

data showing the quantities of grt col¬lected durng dry and wet 
weather perods for various Unted Statesinstalatons. The data in 

Table 3 showed that the grit volumeratio of wet to dry weather 
was appreciable, with the hghest ratioat 800 times the average dry 

weather grt production. The literature (9) also indicates 

that often the solidscontribue a large increase In fine solids 
(silt) which is too fneto be removed in the grit chambers and results 

In overoadng theprimary sedimentaton basn to the extent that chan 
and flghtcolectors are sometmes bured and unabe to functon. t 

was further shown that the volatile solds contents of 

the sludgesfrom the various treatment methods were sgnficantly to 
appre¬cably 

ower than that for drweather municipal ludges. The highervolatile 
sods contents were observed for the sludes derived fromthe CSO 

biological treatment methods. This was expected becausethe boogcal 
treatment methods used werepreceded by treatmentsteps which 

removed the major porton of the grt and Inert soldspresent In the 

raw CSO whereas the physical and physcal-cheicaltreatment methods 

used treated raw CSO with little or no prelminarytreatment for Inert 
soids removal. It was found that the net effect of the excess 

Inert 
solids in theCSO sludges (when 

to the plant) was to con¬tribute to the sods overload on the dry 
weather 

treatment andsludge ing facilites. Moreover, It was Indicated 
that alterna¬tve CSO sludetreatment ether on-site or n addtional 

parallefacltes at the DWF plant, would require additonal capacty 

tohandle the excess inert sold load.It can then be proposed that 
the hgh grit and low volatle soids contentof the CSO treatment 

residuas wil also have a drect bearing 

on the effec¬tveness of varous sludge handing processes. The large aount 
of 

inertmaterial wll require compensation n the equpment desgns whch are basedon 
solds loadng sch as thickenng, fltration, sand dryngbeds. etc. 

Also. 
grt and other iner solds would detr¬menally affect dgeston or facltes 

because thepossblty of settlng of those solds In the dgesters, thereby 
occupyingvaluable space. The heavy solds loadng could also cause mechancal 

com¬plcatons In some equpment.The ow volate soids content have the 
most effect on the processeswhch utlize the organic substrate. Of special 

concern are digeston75 



processes, snce the ower organic oadngs wl reduce the effcencies ofremoval, 
and incineration, since many of the residuals have signfcantlylower heat 

values (12).The 
Intermittent 

nature and wde variations n flows of CSO sludges coudpose probems when 
many common sludge handlng processes are consdered.Most sludge systems 

are designed for operaton on a continuous fow-throughbass which is generay 
not possible when dealing wth CSO sludges (unlessextensive hoding basns are 

provided). The volumes of CSO sludge generatedwil vary with the storm 
intensty 

and duration, tme between storms,process efficency etc. Therefore, 
either addtonal holding (storage)capacty is needed or the unt 

processes 
must be desgned to handle maimumanticipated flows and stll effectvey 

process lesser amounts. Severalsludge handling processes, notably digeston, 
may be adversely affected bythe intermittent operation. It Is important 

to consider these factorswhe the sludge handling processes are 
evaluated.From the foregong dscussion, several 

evauaton 

crtera can be establishedand they should be consdered when choosng applicable 
sludge handlingmethods for CSO residuals. The following consideratons 
are mportant:. Is the process desgn establshed by solids loading 

crtera?If so, the large volume of Inert solds may adversely affect 

thesystem operation and additional capacty wll be required.2. 

W the volume of inert solids affect the operation of the 

process?If so, then agan addtional capacity may be needed which may 
bedetrimental 

to the process efficency.3. Is the process dependent 
on 

a specfc amount of organc 
consttuentsfor 

proper or effcent operaton?If so, then the unusua rato of volatle 
solids to Inert materalmay cause 

severe 
problems In the overall desgn of the system.. Wll Intermttent 

use adversely affect the operation or effcencyof the 
process?If 

so, then the degree of lower effcency must be established andthe 
process evaluated 

from this criterion.5. Wll of the system (to handle maximum flow 
rates) adversely affect the process 

operaton 

under lower loading rates?f so, then use of large storage basins 
preceding the sludgehandlng system or process are mandatory. 

If space for holdings not avalable, the given process may 
not be appicable.Therefore the indivdual sludge handling processes 

must be revewed withthese crtera In mnd when consderng 

ther use for CSO treatmentresduals.76 



SLUGE HANDLING 
PROCESSESGeneral 

Sudge Handng Systemsn 

general, 
sludge handln proceses can be grouped according to the generalphases 

shown in Fgure 7. Various combinatons of these processes can beutiized, 
to 

provde the overa sludge handling schematics. Bacally thepotentia flow 
schematics are as folows:1. (Conditionng 

Thickenng Stablzaton (Dewatering) Dsposal2. (Conditionng) (Thickening) 

Dewaterng 
Reduction isposal3. (Conditioning) Stabilzaton Thckenng (Dewatering) 
Dsposal4. (Condtionng) Stabizaton Diposal parentheses opt 

processIndividua 
processes can now be evauaed and the 

appropriate systems de¬veloped for 

treatment 
resdual handlng.ConditionngCondtoning is used to the sludge to 

allow 
more effectve thicken¬ing or The 

processes 

used can 

Include chemical addtion ofpolymer, me, ferrc chloride or alum, among others, 
or heat treatment.Effectve condtionng can increase the effciency of 

the processes whenapplied propery. However, choice of proper chemicas 
for this type ofcondtioning is dependent upon Individual sludge characterstics. 

If thereare significant varatons in sludge qualty, as are common 
with CSO treat¬ment residuals then the needed chemcal dosages will change,If 

provison cannot be made to correct the dosages utzed in the field,whch 

Is difficult wth Intermittent CSO generaton then the 

effectivenessof 
chemical condtionng can be severely reduced. Heat treatment can 

asobe utlized wth temperatures from 149-260 °C (300-500 °) and pressuresof 
0.2-27.2 (150-00 psig)(22). The treatment breaks up cell massesand Improves 

dewaterng characteristcs* However, the resultng supernatants highly 
polluted with various and requires that addtional capac¬ty be avaiable 

at 
treatment facilities. In addtion, theprocess Is extremey energy intensve 

which may cause future probems.ThckeningThickening removes the major porton 

of the liqud In sludge and is oftenthe inital step in sludge 
dewatering. 

Thickenng Is applicable to thedewatering of CSO sludges, and in 

partcular, 

gravty thickening equpmentis usually employed for sludges derived from 
physcal and physcal-chemcalCSO treatment methods, whereas fotaton thckening 

is normally moreamenable to thickening sludges emanating from bologica 
treatment methods.Centrifugal thckenng may aso be applcable to some CSO 

sludges, howeverprior grit removal is necessary to prevent ecessve wear 
on the centrfuge77 
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mechanism. 

In most cases, 

stabilization of the sudges s required before ultimate ds¬posal In order 
to 

minmize organic solids mass, health hazards and nuisanceconditions. In 
fact, where final disposal is on land [50 of U.S. installa¬tions (22 such as by 

sanitary landfill, cropland application and land re¬clamation, it is that 
sludges be stabilized prior to spreading onland.Stabilzation, therefore, 

minimizes 

nuisance conditons by decomposingorganic solds to a more acceptable 
stable form and minimies health hazardsby reducing or elimintng pathogenic 

organisms. Stabilzaton processesand equipment available include and 
dgestion, heat treat¬ment, compostng and chemca treatment (chlorine oxdaton and 

me treat¬ment). Some of these stabilization processes are established and 

some areexpermental Further discussion regardng them and their applcabiltyfor 
handling sludges Is included.Anaerobic and Aerobc Dgestion - Both 

anaerobic and aerobic dgestion 

areestablished 
processes and because of the current energy shortage are 

in¬creasing 
n popuarity; the former because of the potental benefits ofmethane 

production and the latter because it can produce exothermc con¬ditions. 
These processes are applicabe for handlng CSO sludges derivedfrom 

bological 
treatment methods and the associated equpment requiredshould be 

located at the dry weather treatment plant along wth the CSObiologcal 
treatment equipment so as to be abe to keep the "CSO digesters"viable with 

dryweather sludge between storms. It may be evdent thatthese processes are 

not appicable at remote on-ste CSO physcal andphyscal-chemical facltes 
where the means for keeping the processes vabebetween storms s not 

existent.Heat Treatment - Heat treatment of sludges has seen rapid growth n 

recentyears and includes the 

foowng: 
pasteurzation, ow pressure oxdaton(Sterling Drug) and the heat 

treatmen 
process. At this tme, theheat treatment of sudges has many vgorous 

advocates and equally vigorousopponents. Usual complaints Include failure 
of equpment, excessve costand hgh supernatant BOD and color. Because of the 

Impact of this processon cost and the unknown effect of hgh supernatant 
BOD on organcally over¬loading the dry-weather pant, this process will 

not be furher consderedas a CSO sludge stablizaton alternatve.Compostng - 
Composting of sudge has not been wdely apped In NorthAmerca. Of the 18 

compoting 
plants constructed in the U.S. 

between 

1951and 1969 few are currently operated and many of these are operated 
intermit¬tently. The primary problem has been the lack of a market for 

the stableproduct to offet the cot of the proces and ake it economical. 
Compostingwill not be further considered for handlg CSO sludges.Chemcal 

Stablzation - Chemcal stablizaton processes Include chlorneoxdation and lime 
stabilzation. The process oxidzes sludge wth79 



heavy doses of chlorne (about 2000 and produces a stable and sterilesludge 
whch low in (about 2). The treated sudge well on and is amenable to 

vacuum filtration after conditoning. Chlorinecost only is about $5.50/etric 
ton dry solds ($5/ton) Other operatingand capital costs woud Increase 

this figure. The prmary concern wth thisprocess is that the from the treated 
sludge contain hgh concen¬trations of chlornated compounds which may be 

toxc. Because of this con¬cern and the possiblty of ultimate disposal on 

land, further consderationof ths process for handling sludges will not be 
made.The lme stabiiaton process Is also a chemical 

stabization 

process de¬signed to reduce many of the harmful properties of sludges. 

The processinvolves additon of calcium hydroxide to a pH greater than 

11-2and continued mixng of the souton for thrty minutes. Ths time periodallows 
the sower reacting lme to and provides contact for patho¬gen 

destruction. 
A schematic of the typical process is shown n Figure 8.Previous studes 

(32, 33) on the subject have Indicated that ths procedureeffectivey 
reduces the Indicator organsms for bacteria poution up to99 percent and 

significantly 
reduces nuisance odors (3 In additon, the characteristics of the 

sludge are markedly improved. Investga¬tors (3 concluded that lime stabilized 
sludge is as safe to handle as thatproduced from conventona dgesters. 

However, there can beproblems wth lime stablzed sludge If proper dsposal 
methods are notutilzed. The high pH of the sludge s not permanent and 

as the pH decreasesduring the degradation process, odor and bactera 
problems 

may Excess lme dosages and proper disposal can retard or elimnate the 
problem.Lme stabilization seems to be quite adaptable to CSO sludge 

treatment forseveral reasons. Frst, the process s flexible. It can be used 

Intermit¬tently 
with sludges of wide variety of characterstics. The process 

con¬trol s commonly performed utlizing pH measurements so that operator 
inter¬vention is minmal. The antcpated total capital investment Is lower dueto 

simple operaton and shorter detention tmes than other stabilzatontechniques. 
If necessary, a portable treatment unt could be developed foruse. Ths 

type of system may be used to augment dry-weather sludge handlingfacilties 
when not required for CSO sludge treatment. However, the lmedosages 

requred are hgh and this cost must be considered. Prevous studies(35) have 
Indcated that lime dosages range from 02-208 Ca(O) per kgof dry solids and 

operating and maintenance costs are estimated to be $9~$9per metric ton 
($8-17 per ton) of dry solids. In addition, direct land applica¬tion of lime 

stablized sludges requre hauling large volumes of liquidsludge which may 
not be practical in some situations. In these situationsfurther dewatering using 

or vacuum filtration is a necessarysuject or urther study wever, s 
antcipated that with lime stabili¬zaton, chemical condtonng requirements woul 

be" since thelime addition signifcantly improves sludge dewatering 
capabilities. Anotheradvantage of using lime stabliation is the reduction of potential 

odor priorto further handling. This aspect may be Important if storage for any 
lengtho tie is required.80 





Is used 
to 

remove addtional moisture from the sludge (50-90 toproduce a damp cake (22, 
36). The devces utilize severa methods includingnatura evaporation and 

percolation plus mechanca techniques such as fi¬tration, squeezing, vacuum 
withdrawal and ompaction.Referral to Figure 7 indicates that there are 

many potental technquesavailable for When consderng these processes 
wth respect to sudges, some can be eminated due to apparent operatonal 

problems.Space restrictons wll elmnate use of both dryng beds and drying 
lagoons,in 

most cases. Devices such as movng screens capillary systems and ro¬tating 
gravity concentrators are new systems whch have not beendefined with 

respect to ther applicablity to the hgh grit content of CSOsludes. The 
technques may be approprate, however, further investgationwould be needed 
pror 

to their use.More conventional technques Include flter press, vacuum 
filtration andcentrfugation. Use of a 

flter press s desrabe f Incneraton or othercombustion technque s being 
utilzed, otherwise It may be too epensve forCSO sludge dewaterng. In addton, 

condtonng requrements and operatorcontrol needs may be greater. It may be 
more desirable to use vacuum fil¬tration, whch will provde a workabe cake 

(approxmately 20 sods) forlandfll or land applcaton. Prelmnary studes (2) 

have ndcated thatdewaterng thickened sludges by vacuum fltraton was amenable 
to CSO sludgesderived from contact stablzation. Centrfugation may also 

be an appro¬priate dewatering technique if the grt concentration wil not cause 
ex¬tenve mechancal wear. t was Indicated that the use of thickening 

andcentrfugaton was applicable to the CSO sludges emanatng from treatment 
by and trcklng fltraton. In some nstances t was Indcatedthat some CSO 

sludges may be most effectvely by centrifugationalone (without re-thcken Ing) 
These included sludge from storage-sedi¬mentaton and from flotaton alone 
(25) (see Table 28).ReductionIn some cases reducton can be utlized as a 

stablization and/or dsposalprocess. Several types of processes can be 
utized 

as outlined In Figure7 and these can be further divded into new 

or 

etablished 

types. and the use of cyclonc and electrc furnaces are new techniques 
which havebeen used manly on a small scale bass. The effects of the high 
grt andlow volatle solds content Is not readly predictable. However, it 

sspeculated that the same features whch affect the use of incineration forCSO 
sludge handlng are applcable in these systems.Incineration can be used to 

reduce the sludge to ash after thickening anddewatering. Incineration 
alhough costly s recevng Increased attentonas an alternative wth decreasing 

land availabilty and the possblty ofmore stringent 

standards for land disposal. However, treatmentsludges have low heat 
values in comparison to common fuels to the extentthat combuston Is not 
self-sustaning unless extremely high solids contensare reached In feed cakes. 

Often an auxliary fuel is required, if 82 



wate sludges are Icinerated alone. The heat value for typcal dry-weatheractivated 
sludge solids is 3563 (6413 as compared to gasolineith value of 

11,100 (19,980 BTU/lb). Furthermore, it was observed(12) that the heat value 
of most other treatment sludges was even less.The average heat value for 

CSO sludges from physical and physical-chemicaltreatment was 2032 cal/gm 
(3657 BTU/lb), hereas that for similar dry-weathersludges is estiated at 4581 

cal/gm 8246 BTU/lb) (27) This difference inheat value is attributed to the 
higher inert and low volatile solids contentof the CSO treatment sludges in 
question. On the other hand, the heat valueof the biological sludges from 

CSO biological treatment was comparable tothat for the dry-weather biological 
sludges, and that was expected becauseof the similar solids characteristic 

-Because the heat value for CSO 

sludges is reatvel low, he cake sods inthe feed must be proportonately higher 

to avoid the use of fuel.The energy and capital costs of obtainng a sufficient 
sold concentrationIn the feed cake may be prohibtive. If auxilliary 

fuel 
Is uted, inthe lght of the Increase in energy cost and the current 

energy shortage,ncineraton would not be a vabe method for handlng CSO 
sludges 

at thistme. However, Interest In using incineraton may be revived if 
the com¬bined incneraton f solid waste residues and ludges are in¬corporated 

with energy recovery as a prime feature.Wet air oxidaton Is the fnal 

echnque which may be used for ludge re¬duction. I 

s used at hgher temperatures and pressures than heat treatmentand theoreticaly 
oxdzes any materals capable of burning in water attemperatures of 21-37 

°C (250-700 °F) Preminary thickenng and are not necessary, hoever it 
is necessary to provide dsposa for theodied materal. The main disadvantages 

assocated with this techniqueare the hgh energy cst and the associated 
problems due to Intermttentoperaton. High pressure and temperature operations 

should be run as continuousy as possble to aleviate start-up problems 
and energy loss.Disposal TechniquesDisposal techniques invove either the 
land or oceans. However, recent regu¬atons have restricted ocean 

dumpng, 
so that ony 

land 
disposal remans.Three techniques are applcable; land reclamaton, land 

applcation and land¬ll. Land reclamation Is most restrictve since It requres 
that landneeding to be reclaimed (such as abandoned strp mnes) be located near 

thesludge generaton ste. Ths crterion wll not generally be met wth 
re¬gard to CSO sludges. Land applcation does pose a viable solution for 

ds¬posal 
and has been consdered in depth in Secton VI11. Further discussonIs 

not Included here.Landfil ing of sludges and other resdual by-products of 

muncpal and In¬dustra waste treatment Is a major ultimate dsposal alternatve. 
Asantary landfll 

accepting sludge must be desgned In accordance wth "Guidelines for Land 
Dsposal of Sold Wastes" (37) even f sludges are disposed of separately 

or along with muncpal solid wastes. These gudelnesare a result of Increasing 
concerns for publc heath and envronmentalqualiy (38). The gudelnes state 

that pror to 11 ing, (a) sludges83 



must be stabilized (ie. digeston lime, heat etc.) to prevent odor problemsand 
reduce heath hazards and sludges must be to eliminate migration.A 

sanitary landfill 
must 

be managed so that wastes are systematically depositedand covered wth to 
control 

envronmental mpacts whin defned lmits.Proper management consists of four 
basc operations (39) 1) wastes areadded in a controlled manner in a 

prepared porton of the site; 2) the wastesare spread and compacted in thin 
ayers; 

3) the wastes are covered daily ormore frequently, if necessary with a 
layer of soi; and ) the cover materalis compacted daiy.Proper site selection 
Is an important 

step 

toward establishing an acceptablesanitary landfll operation. Some of the 
major factors which shoud beconsidered n site selection are (0) a) land 

requirements b) waste hauldistances, cover material, geology, and 
climate.Important public health and nuisance aspects whch 

must 

be considered inlandfll operaton are 1) vector control, 2) water poluton, 
3) odors, and gas production guidelines require that a program must be 

developed and impemented 

toprovde for adequate montring of landfills accepting sudges (38). 
Thisplan woud include observaton wells, and surface collec¬tion basins to 

measure polutant migration from or surface water.DEVELOPMENT OF VIABLE TREATENT 
SCHEMATICSGeneralThe first step n the development of vable treatment 

schematcs 
is toidentify those processes which 

are 

applicable to possble use for sludgehandling. Once this has been 
accomplshed, then various treatment trainscan be dentified and further evaluated 

from a space and preliminary economcstandpoint.Generaly, the process 
eements 

comprsing a CSO sludge handng system mghtnclude grt and ow volatle solds 
remova, 

sludge 
stablza¬ton and utmae dsposal. The specfc treatment tran used wll vary 

withthe CSO treatment method employed and location and the ultimate dsposalmethod 
used. For example, it has been shown hat the grit and low volatilesolids 

contents of CSO sludges are greater than those for dry-weather 
munici¬pal 

sludges. Moreover, for the CSO treatment methods investgated, 
greaterconcentratons of grit and low volatile solds contents were associated withsludges 

from physica and physcal-chemical treatment than from sludges de¬rived 
from bological treatment. Ths was expected because the biologcaltreatment 

methods (contact stabilizaton and trcklng filtration) werepreceded by 
treatment steps whch removed the maor porton of the grt andInert solds present 

n the raw CSO, whereas the physca and treatment methods 
(storage-sedmentation, 

and mcro" 



screening) treated raw wth ittle or no prelinary treatment for Inertsolids 

remova. Therefore, it would be expected that the sudges fromphyscal 
and physcal-chemcal treatmen might requre provision for grand low volatile 

solds removal whereas those sludges from treat¬ment might not. Suitable 
equipment for grit removal includes:chain and flght grt removal 

devices, hydroclones, and the irl cocetra¬tor 1). Hydroclones are commercially 
available for grt removal fromludges. The swirl is a newly developed 
device (77) (78) (79).Specfc Processes for Use In CSO Sludge 

HandlingThe 

previous discussion brefly Identifed varous 

processes which could beused for handling CSO treatment resduals. Due to the 
discussion presentedtheren and evauation of the question critera outlined 
previousy In thssection the following processes are consdered to be 

potentialy 
applcableto CSO sludge handlng:Ion ing:Thckenng:IReducton:DisposaPotental 

Treatment 
SchemesChemical 

treatmentGravty 

thickeningLime 

digestion 

(n 

some 

cases)Vacuum 

NoneLand applcation 

(LA)LandfillAs 

indicated, 

the indvdual 
treatment 

scheme chosen 
Is determned by thespecifc 

characteristics 
of the 

CSO sludge o 

be 

treated. However, 

forgeneralization, 

the biologca sudges can be grouped Into one type and thephysical 
or 

physical/chemical sludges Into another. Another important con¬sderation 
is the location of the sludge handling system, especially whenbologcal 

treatment technques are beng considered. Usually, f biologicalsystems are 
applicabe, the treatment system and sludge handling faciitesare located 

at 
or near the dry-weather treatment plant. When this is thecase, different 

flow schematc than that generally proposed may be desira¬ble.Combinaton of 
the processes chosen whch may be applcable to CSO sludgehandlng yelds 

the followng ten alternatves:1. Lme Stablization2. Lme StablzatonApplicationGravit 

Thickening Vacuum Filtraton LandfillGravity Thckenng Vacuum Filtration 
Land85 



3. Lime Stabilzaton Gravity Thckening Land Applicaton. Lme 
Stabilization Land Application5. Digeston 

Gravity Thckenng Vacuum Filtraton Landfll6. Anaerobic Digeston 
Gravity 

Thickening 
Centrlfugation Landfill7. Anaerobic Digestion Gravty Thckening 

Vacuum Fltraton Land 8. Anaerobic Dgeton Gravity Thckening Centrlfugation 
LandAppI9. 

Anaerobc Digestion Gravity Thckenng Land Applcation0. Anaerobc 
Digestion 

Land 
Applcationt is observed that was not Included as thckening 

methodwhen lime stabization was utlized. 
This 

is mainy due to the fact thatthe large doses of lme used for stablzation 
should alow vacuum ftra¬tion to proceed easly, wth mnimum of additonal 

chemcas. Also theseschematcs do not presently Include provsion for gri 
remova, so thepotentia wear on a centrfuge might be a problem. Therefore, 

centrifugal was not consdered at this time. However, both vacuum 
fltrationand 

centrifugation were considered If dgestion was utilized asthe 
stabilizaton technique, since pror grt removal is generally included.Chemcal 

conditionng is anticpated to be needed and the chemcal type canbe talored to 
meet the optmum dosage for the given dewaterng method.Both andfll and land 

applcation have been consdered as vable disposatechniques, although land 
applcaton can accept much more dilute sludges,If transportation costs are 

not prohbitive.Prelmnary Evaluation of SchematicsEvaluation of the flow 
schematcs gven involves an Intial comparison oflime stablzation and anaerobc 

dgestion. Consdering operatonal vari¬abes 

plus cost and space requrements, the 

of usng lmestablzaton over digeston Is Indcated even when biologcal 
treatmentof s utlized. For example, lme stablzaton Is ess complex noperaton, 

less subject to upsets, can be more easly automated and is moreadaptable 
to intermttent operation (dgeston process would have to bekept vable 

between storms). Moreover, lime stablzation appears to requireless 
space. A lime sudge contact time of about 30 mnutes s needed forme stabilzation 

(2), whereas 10-15 days solids retention time is re¬qured for dgestion 
(See Tables 22 and 23). From the standpont of costs,it appears that the 

cost of dgestion Is apprecably greater than that forlime stablzaton. For 
example, for a 37850 (10 sewagetreatment plant which produces a total 

sludge flow of approximately 25cu m/day (0.067 the capital cost of a lme 
stablizaton processis estimated at $28,000, and ths cost Includes tankage, 
pipng, chemicalfeed system and automatc control instrumentation. On 

the other hand, theconstruction cost for an anaerobic digeston system 
to handle the samequantty of sludge is estmated at $800,000 and ths 

cost 
Includes sludgeheating, crculating and control equipment and contro 

bulding (3). Theoperatng costs for digestion are also appreciably greater 
than those forlime stabilzation. For example, the total annual costs 

for anaerobic 86 



(including amortzation) are estimated at $31 per metrc ton dry solids($28/ton) 
whereas those for lime stabiaton are about $10 per metric tondry sod 

($9/ton) (). From the above dscussion, it evident thatlime sablzation 
is 

a promisng method for handling the unque treat¬ment sludges. It shoud be 

recognized that lime stabiization Is not anestablshed sludge handng 
method and demonstration of Its application fortreatng CSO treatment sudges 

shoud be pursued to obtain basc designand operating crtera and further 
nvestgation is recommended.Sludge by thckenng, where economcaly 

feasible, should be per¬formed after lme stabilizaton because It has been 
found 

that lme treatment enhances the sludge settling characteristics (). 
Further dewateringmay be acheved by vacuum fitration. Ultmate dsposal of the 

sludge, de¬pendng on land avaiablit and other factors, would be by landf 

or landappicaton. Therefore prelminary screening indicates Chat four 
reatmentsystems 

may be appicable for handlng CSO residuals. All nvolve stabiizaton 
but the degree of intermediate treatment, prior to disposalcannot 

be 
estmated at hs point ndvdual transportaton and storagecoss must be 

consdered 
to establish which of these general aternativesIs most 

cost-effective.IMPACT 
OF HANDLNG CSO SLUDGES AT VARIOUS SITES IN THE CITYGeneralWhen 

consdering separate 

treatment 
of CSO sudges by any of the chosenhandlng schemes, 

t s 

necessary 
to establish the ocation at whch thesludge wil be treated. There 

are three potential locales: treatment atparallel faciltes at the 
dry-weather treatmen plant; treatment at acentra ocation and treatment at 

remote satelte locations.A natural bass for selecton of the location for 

CSO sludge treatment isthe CSO treatment method used for 

treatment 
of the raw CSO. The physical,physical-chemcal, and bological proceses 

used on storm flows each haveimitatons as to where they can be used 
(9). Boogcal treatment facii¬ties should be located at sewage treatment 

plants to provde a continuousactive Physical and physcal-chemcal treatmen 
faclites lendthemselves more easi to remote satelte locatons. Inasmuch as 

sludges from biologica treatment wll be treated both "onste" and "atparale 
faclities at the plant, the queston arses as to whichalternative to 

use for treatment of the CSO sludges from physical and physical-chemical 

treatment.Treatment of CSO Residuals at Parallel Facltes at the 
Pry-Weather 

PlantHanding these CSO sludges in addional parallel faclites at the 
dry-weather plant does 

not 
appear to be generally feasibe because of theproblems Invoved n 

transporting 

the sudges from the CSO treatment steto the dry weather treatment 

pant. Alternatve means for transporting thesludges to the parallel 
facltes at the dry-weather plant nclude bleed87 



pump-back to the combned ewers, transprt b separate pipeline and hauingIt s 
apparent from previous discussion that sudge beed/pump-back to exist¬ing combined 

sewers woud not be feasibe in mst cases because it woud re¬quire storage, 
the sludge would be admixed with the sewage contributing toan overoad on 

the dry-weather plant and grt the sludge may ettle outquckly In the 
interceptor causing blockage and premature overflow viabackwater effet.Separate 

pipeline 

transportation of sludges, say from remote overflow treat¬ment ponts, would not 
appear to be feasbe snce It woud require separatepipelines from many 

treatment 
points to the dry-weather pant which wouldappear to be costly. 

Moreover, 
because the fows through these lines areintermttent, grit and other 

solids deosits an accumuae between stormsincreasing probems. It ay be 
possibl to partially alleviatethese accumulations by flushing the lnes, 

however, this procedure macause hydraulic overload problems at the 
treatment plant due to largevolumes of water needed. In addition, the 

characteristics of the wastewater is extremely different from typical 
nfluent, 

and may adversely affectplant operation. However, where the treatment 

faciitie are centrallylocated near the dry-weather plant, pipelne transportation 
of CSO reat¬ment sludges to parallel sludge treatment facilities 

at 
the dry-weatherplant may be a viable alternative n spite of potential 

problems.Similarly, hauling of CSO treatment sludges to parallel 

treatment facltiesat the dryweather plant may be feasible n isolated instances, 
but wouldnot appear to be generally feasible because of the cost 

invoved 
and thelogistics for trucking operaton from many remote overflow 

ponts.Utlization of ppeline transportaton and haulng for brnging CSO 

the dry-weather plant may be enhanced If the major porton of the grit 
andinorganic 

solds were removed onsite at the overflow treatment facilityand f 
subsequently the sludges were treated by digestion or in parallel facilities 

whch were kept viable between storms with dryweather sludge. If transportation 
of CSO sludges by bleed/pump-back, ppe¬line or haulng to the paralel 

sludge handlng faclties at the dry-weather plant Is not feasble, as s 
indicated from previous dscussion,then the other alternatves must be 

considered.Treatment of CSO Resduas at Centrally Located Sludge Handlng 
FaclitiesThis alternatve Involves transportaton 

of 
the CSO treatment resduals toa central location for stabilization, 

storage 

and further Allof the dsadvantages assocated wth transport of the sludge 
to paraleldry-weather faclties are applcabe wth the excepton of 

bleed/pump-back,which may not be possble. There may be some additional difficulty 
assoiatedwth obtaining sufficent property for locatng the treatment pant, 

sncein most areas of the country the combned sewers are located In the centerof the city. This ma possibly be a prohibitive factor In utlzing the 



central location aternative. If property scarce and f transportationusing 
separate pipelines, or hauling is not feasibe, as was indicated in 

theprevious 
section, then on-site treatment of sudge is the only remaningalternative. 

Ths choce Is not without problems, such as the operationand maintenance 
of several solids handing pants at different remote loca¬tons in a 

city, 
but does have the advantage in that it elminates theoperational 

probems and cost assocated wth transportng the sudges fromthe remote CSO treatment 
sites to the dry weather pant.Treatment of CSO 

Resduals 
at Satellte Treatment StesThe remaining alternative 

to consider Is therefore treatment of the residuals at separate sites 

throughout city. It s necessary to evaluatethe effect of this handing 
with respect to performance operation, mainte¬nance and cost (9). The disadvantage 

of maintainng and operating severaltreatment systems is obvious wth 
repect to both manpower and utilitescosts. In additon, capital equipment 

costs are antcipated to be greatersince the typical economics of scale 
can not be fully utiized. However,overall evaluaion Is necessar before 

this alternative can be implementedor disregarded.The following discussion 
is pertinent 

to 
and limited to CSO treatment fa¬clties at remote satelite ocations this 
regard, and as previouslynoted, physica, physical-chemical and biological 
treatment processes usedon storm flows each have limitations as to where 
they can be appled.Biological treatment systems should be located 

at 
sewage treatment plantswhich can suppy a continuous active On the other 
hand, physicaland physical-chemical treament processes end themselves 

more easily toremote locations at overflow ponts, and It is thee ocatons 
which arethe subject of this discussion.The question has been raied that 
if on-ste treatment of residual 

sludgesis performed as recommended, what effects on operaton, performance 
andmaintenance would occur due to the logistics of operating and 

maintaningseveral sudge handing faclites at different locatons, say 5 to 10 
orperhaps 100, by one municpality? It is evdent that sludge handling 

anddsposal 
is an ntegral part of a CSO treatment system and the effectvenesswth 

which sudge handng Is carred out nfuences the efficency oftreatment, 
operation 

and maintenance, and overall costs. Moreover, theeffective 
operaton 

of a total CSO treatment system requres not ony thephyscal operaton 
of the components (overfow treatment and sludge handng)but also their 

operaton unson and on-call. Therefore, the aspects ofoperation and maintenance 
for CSO treatment and resdual sludge handlingshould be equaly emphasized. 
These aspects incude operatng controls andoptions, sustaining 

(dry-weather) 
mantenance, support facilties and supply,and safety.Storm events 

occur at random intervals, and for ths reason it is essentalthat remote treatment 
stes 

be 
capable of automatic startup andshutdown. Furthermore, the nstrument and 

equipment relabilty require¬ments may be much more demandng than for 
dry-weather treatment facties.89 



The lime stabizaton process, for example, lends itelf well to automationbecause 
two of the most important variabes in the process are and contacttime. 

Contact time may be adequately controled by system desgn, and pHIs reativey 
smpe to contro and automate.t Is indicated 

that a sustaining or maintenance program is theone key to a successfu 
combined 

sewer overflow polution abatement andcontrol system. The program 
begns with the careful planning and design ofthe combned sewer overflow 

treatment and solds handling facities. Forexampe, whenever several systems 
are needed, whch Is the prmary thrustof this discussion t is usually economical 

to use the same type device,equipment, and desgn to reduce operation 
and mantenance costs. Also, de¬sgnin in ncreaed automation permts 

inimizaton 
of ceanup and maintenance.The performance of remote site facltes are 

greaty 

enhanced by strictadherence to a well-planned sustaning maintenance 
program. 

Generaly, thesustainng maintenance required increases as the degree 
and complexty oftreatment sophstcaton increases. Effectve control and 

operaton 
of suchfacties are usualy dependent upon varyng degrees of instrumentaton.For 

exampe, to ensure reliable startup and shutdown, al instrumentationmust 
be checked and calibrated on a regular bass.Satisfactory operation 

of combned sewer overflow abatement and 
treatmentfaciites 

depends, to a large extent, on adequate regular Inspection 
andmantenance. The purpose of ths Is twofold frst, to locate and correctany 

operatona probems or faures and second, to prevent or reduce theprobabity 
of 

such problems or failures.nspecton shoud be as frequent as necessary o 
keep such facltes ingood operatng 

conditon. 

Generally, this means Inspections both on weeklyschedule and 
following 

each maor storm. All equpment must be exercisedregularly to check and 
insure readness, and faclity cleanup, lubricationand must be done followng 

each storm.Compete records shoud be kept of al Inspecton and maintenance. 
The tmeand date of each Inspection should be 

recorded, 
together with a descriptonof the condtion of the equpment and the 

work performed. The number ofman-hours spent on each piece of equipment should 
be noted. These datashoud be tabulated for each pece of equipment 

requring excessive mainte¬nance or that is out of service with unusual 
frequency. These records canprovde the data needed to compare the cost and 

efficency of differenttypes of equpment for gudance n the desgn and purchase 
of new equipmentor the remodeling of existng equipment. Such records 

aso ad in thescheduing of preventve mantenance. equred maintenance common 
to mostoff-line faclites may Include lubrcatng of equipment; Inspectng 

andcleanng of chemical pumps, eectrcal and pneumatc sensng probes, 
flowmeasuring and recordng devices, and automatic sampers; checking andcalibratng 

Instruments; checking emergency power generators and startngbatteries; 
and Inspecting all pumps, valves, and pping.90 



The importance of maintenance support in the operaton of treatment facitesincreases 
as th number and/r sze of such facites ncreases. In vewof the wide 

variety of control and treatment processes, no attempt wl bemade to cover 

the specific requrements of each indivdual process; only thecommon general 
requirements wll be lsted. The four major requirements are(1) access to 

equipment, 
(2) adequate tools and equpment, (3) a specializedwork area, and ) 

spare 
parts stock.Finay storm flow 

management 
appications expose personne to very realand very dangerous envronmental 

conditions. The hazards are a functon ofthe working envronment, 
operatng 

procedures and practce, and conditonand design of facities. The 
cheicas 

used or stored present anotherproblem because of their etc. Plant 
features,such as railings, safety treads, mutiple access/egress 

points,ventiation, lightng, auxiliary power sources, and detecton and 
observationponts, 

must be fuly Incorporated into design and practice.In summary, the 

ogstcs of operating and maintaining several solids han¬dng 

plants at dfferent locations throughout a cty is formidabe but notinsurmountabe.9 



SECTON 

VIICONSIDERATIONS FOR 
LANDAPPLICATON OF WASTESLand 

applcation of wastes, in general, entails the use of pants, the soilsurface, 
and the sol matrix for removal of certain consttuents.Land application 

systems 
can be considered as viable alternatives for wastetreatment and 

disposal.However, the 
consideration 

of land for the treatment and disposal of anytype of waste is a 
very compex matter that encompasses a wide range of de¬sign possibilities 

which 
are available to suit specific site characteristics,treatment requirements 

and project obectives. To date, no generalized de¬sign procedure is in 
use 

or avaiable which would assist n evaluating themajor variables that 
influence the design of a land application system.Therefore, the information 

in this section is intended to summarize the pre¬sent state-of-the-art 
technology and, from this knowledge, provide informa¬tion and criteria for 

evaluating the feasibiity of applying CSO constituentsto, the land. The storm 
generated dscharge residuals that will be con¬sidered for study nclude:1 

Raw CSO2. CSO sludges, 
lqud 

and The 
following discussions are primarily 

based on the following TechnicalBulletins and Information Transfers: 
Treatment 

and Reuse byLand Application" (45); "Land Treatment of Municipal 
Wastewater Effluents"(6); "Evaluation of Land Application Systems" (7); 

"Costs of WastewaterTreatment by Land Applicaton" (48); and "Muncpal Sludge 
Management:Environmental Factors" (38).LAND APPLICATON TECHNOLOGYThe 

incluson of this technology 

section is to establish a 

general procedure,based on an understanding of the pollutant management capablties 
of soils,for evaluating the feasblity of land application of CSO wastes 

undervarious condtions. This development will provide a rational 
screeningmethod which should lead to 1) the identification of specific 

factors, 2) anindicaton of the publc health and legal constrants n usng land 
applica¬ton, and 3) site locations that combine the required characteristics 

forsafe pollutant management. Essentally, the nformation presented in 
thissecton Includes state-of-the-art dscussions of the following areas: and92 



application methods, public health consderatons Imposed governent regu¬ations, 
site selection and fctors, and design considerations.Land 

Application ethodsThe 
three 

basic methods of and application are Irrigation, infiltration -percoation, 
and overland flow. Each method, shown schematicaly in Figure9 can produce 
renovated waters of different quality can be adapted todifferent ste 

conditons, and can satsfy different overall objectives.Tables 32 and 
33 

compare major desgn and operational characteristics em¬ployed for these 

appication systems. Relevant characteristics, includngfactors Involved 
in 

selection and design of land appcaton systems, willbe briefy reviewed n 
this text.I - Irrigation is the 

most 
widel used method of land applcationin practice today. The controling 

factors in implementing ths type ofland applcation system are site 
selection 

and design methods of irrigation,oadng constraints, management and 
croppng 

practices, and the expectedtreatment or remova of consttuents.Important 
factors involved in ste selecton are: type, 

anddepth of soil; the nature, variaton of depth and type of underground 
forma¬ton; topography; and considerations of present and futre land use 

trends.Climate s equally as important as the land in the design and operation 
ofirrigaton systems. However, clmate Is not a design varabe snce it isspecific 

to regions under consideration.Table 3 ists major factors and 
generalized 

criteria for site selection.Soi 
is 

considered the prmary factor because, coupled withthe type of crop or 
vegetaton selected t directly affects the hydraulcloading rate. The ideal 

geologcal formaton is a moderately permeable soilcapable of nftrating 
approximatey 5 cm per day (2 in/day) or more on anintermttent bass. In general, 

sos ranging from cay oams to sandyloams are sutable for Irrgaton. Sol 
depth 

shoud be mnimum of 0.6meters (2 ft) of homogenous materal and 
preferably 1.5 to 1.8 (56 ft)throughout the ste. Ths depth is necessar to 

promote extensive rootdevelopment of some pants, as well as for treatment.The 
minimum depth to should be 1.5 (5 ft) to ensure conditions. 

Control procedures, such as or wels, may be re¬quired If the 

groundwater 
is wthin to 6 meters (1020 ft) of the surfaceand site dranage 

is 
poor.For crop irrgation, slopes should be lmited to about 10 percent 

or 
ess,depending upon the type of harvestng equipment to be used. Densely 

foli¬ated hillsdes, up to 30 

percent In slope, have been spray irrigatedsuccessfully.Spray, rdge and 
furrow, and flood are three of the most common methods ofrrgatng. Spray 

irrigation s accomplshed using a varety of systemsfrom portable to 
solid-set 

sprinklers. 

Ridge and furrow irrgaton conssts93 
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TABLE 3 SITE SELECTON FACTORSAND 
CRITERIA FOR EFFLUENT IRRIGATION 

FactorSoil 

typeSoil 

depthDepth to 

controlGroundwater 

movementSlopesUnderground 

formationsIsolationDistance 

from 

sourceof 
CrterionLoamy 

sols 

preferable but mostsoils 
from 

sands 

to 
clays 

areacceptabe.Well draned sol 
Is preferable;consult 

experienced 

agrculturaladvisors.Uniformly 5 to 6 
ft or morethroughout stes is 

preferred.Minmum 

of 5 ft Is preferred.Dranage 
to obtan ths mnmummay 

be 
requred.May be necessary to 

ensurerenovaton f water table 
is lessthan 10 

ft 
from surface.Velocty and 

drecton must bedetermned.Up to 5 
percent are acceptablewth 

or without terracng.Should 
be mapped 

and 
analyzedwth respect to 

interferencewith groundwater or 

percolatngwater movement.Moderate 
isolation from 

publicpreferable, degree dependent 
onwastewater 

characterstcs,method of applcaton 
and crop.A matter of economcs. 

0.305 ft98 



of grooming reatvey fat and into aternatng rdges and furrows andapplying 

water by gravty to these furrows. lood irrigation is theInundatin 
of and with several inches of The type of irrigaton 

system 
to be used to maintain specifed ground andsurface water criteria 

depends on soi crop, topography, cli¬mate and economics. treatment s provded 
for most irriga¬tion systems and a wide range of treatment requirements 

are encuntered.The bacteriologca quality of wastewater is usualy lmitng 
where foodcrops or landscape areas are to be irrigated, or where aeroso 

generation bysprnkling s of concern. In other cases reductions in BOD and 
suspendedsoids may be necessary to prevent cloggng of the dstributon system, 

orto elimnate odor problems.The important loading rates are hydraulic 
oading in terms of cm(inches) 

perweek, and ntrogen oading in terms of kilograms per hectare per year 
Organc 

oading rates are not consdered mportant If an inter¬mittent application 

schedue followed. Hydraulc loadings should notexceed the nfiltration 
capacity of the soil and may range from 1.3 to 0.7cm per week (0.5.2 

dependng on soi, crop, climate and wastewatercharacterstics. Typical hydrauic 

loadings are from 3.8 to 0.2 (.5-4.0 in./wk). Although irrgaton rates have 
ranged up to 20.3 cm/wk(8 in./wk), generalized dvson between Irrgaton 

and nfiltraton-percolaton systems Is 10.2 cm/wk ( in./wk).Nitrogen-loading 
rates have been consdered because of nitrate occurrencesin and 

aqufers. To minimize such occurrences, 
applicationrates 

hould be such that the total amount of plant avaiable nitroen addedIs 
no greater than twice the nitrogen requrement of the crop grown (38In 

most cases, the permissble ntrogen loadng rate wll be the controllingfactor.Crop 
selection can be based on several factors: hgh water and nutrientuptake, 
salt or boron tolerance, market value, or management requrements.Popular 

crop 
choces are grasses wth hgh year-round uptakes of water andnitrogen 

and low mantenance requrements. dryng perod ranging fromseveral hours each 
day to severa weeks Is requred to mantan soil condtons. The length of tme 
depends upon the crop. the wastewatercharacterstcs, the length of the 

applcaton perod and the texture anddrainage characterstcs of the soil. 
A rato of dryng tme to wettngor applcaton time of about 3 or to 1 should 

be consdered as a mnmum.Treatment of the wastewater often occurs after 
passage through the first0.6 to 1.2 (2- ft) of soil. Treatment effciences 

or removals refound to be on the order of 85 to 99 percent for BOD, 
suspended 

solds andbactera (Table 35). Loamy sols wth considerable organic 
matter have beenfound to almost completely remove heavy metals, phosphorus 

and vruses byadorption and fixation. Ntrogen is taken up by plant 
growth, 

and If thecrop is harvested, removals can be In the order of 90 
percent.Infltration-Percolaton - In ths method, wastewater Is appled to the soilby 

flooding or spraying onto basins and Is treated as It percolates 
through99 



TABLE 35. REPORTED REMOVAL OF LANDISPOSAL AFTER 
BIOLOGICAL TREATMET 7)BODCODSuspended 



he soi matrx. Infltration-percolation has been ued wth moderate oad¬ing rates 
[0 to 30 (4-12 as an alternatve to dischargngeffuent to surface 

waters. 
High-rate systems [.53 to 2.44 (5-8 ft have been designed to recharge 

Soi on the order of 10 to 30 cm/day (-12 
n.day) 

or more snecessary for successful use of the inftration-percolation 
approach. Ac¬ceptable soi tpes incude sand, sand loams. loamysand and gravel. 

Verycoarse sand and gravel are less desirabe because they allow topass too 
rapidy through the frst few feet where the maor biological andchemical 

action takes pace.Important crieria for site seection include hgh percolation 
rates; depth,movement, and 

quality of groundwater; topography; and underlying geologicformations. To 
control the wastewater after it infltrates the surfac andpercoates through 

the soil matrix, the characteristics mustbe known. Recharge shoud not be 
attempted wihout specific knowledge ofthe movement of the water in the so 
system.ication treatment is generaly provided to reduce the suspended 

soidscontent and thereby alow the continuation 

of high application rates. Dis¬infection is often provided prior to spreading 
or ponding to contro bac¬teroogica Dependng on wastewater characteristics 
and water qualty objectives, oad¬ngs of nitrogen, phosphorus, organic, 

or trace eements may 

be critical.Although hydraulic or nitrogen oadng is most often lmiting, 
oadngs 

ofsalts and heavy metals may be critical in some cases. Loading 
scheduesthat Include aternating oadng and resting perods are requred to man¬tn 

the infiltraton capability of the sol surface and to promote optimumBOD 
and nitrogen removals by condtons.In most cases, the flterng and straining 

action of the soi extremelyeffectve, so suspended solids, bactera, and 
BOD are amost completey re¬moved (Table 35 Nitrogen 

removals 

are generaly poor unless specificoperating procedures are estabshed to 
maxmize ication. Phospho¬rus removals range from 70 to 90 percent, dependng 

on the percentage ofclay or organc matter In the sol matrix which 
will 

adsorb phosphate ions.The useful life of an inftraton-percoaton system 
wi be ess than thatof Irrigation or overland flow. Ths is result of 

high load¬ings of inorganc constituents, uch as phosphorus and heavy metas 

whchare fixed In the soil matrix and no postively removed. Once the fixationcapacty 
for phosphorus and heavy metas have been exhausted, remova eff¬cences 

wll deterorate.Management practces important to systems includemantenanceof 
hydrauic loading cycles, basn surface management, andsystem monitoring. 

Intermittent appicaton of wastewater is required tomantain hgh infltration 
rates, and the optmum 

cycle between Inundationperiods and restng perods must be determned for 
each 

ndvidual case.0 



Basin surfaces may be bare or covered wth gravel or vegetation. Each typeof 
surface requires some mantenance and Inspection for satisfactory opera¬tion. 

Monitoring of evels and quaty is essentia to systemmanagement.Overland 
Fow - n 

this method, is applied on the upper reachesof sloped terraces of relatively 
Impermeable sos and allowed to flowacross the vegetated surface to 

colecton ditches. Renovaton Isaccomplshed by physical, chemical and 
bologcal means as the wastewaterfows n a sheet through the vegetation. A hgh 

percentage of the appliedwater Is collected as runoff at the bottom of 
the slope, wth the remainderbeing lost to ration and percolaton.Important 

factors In overland flow are site seecton, 
applicaton 

rates anddesign loadings, management practces, and expected removal 
efficences.If the collected runoff Is to be discharged nto a navigable water, 

it willhave to mee the stream discharge ctera.Crtera mportant for ste 
selection 

include; so condtons, topographyand 

clmate. Sol conditons Is perhaps the most important. Sols wthminmal Infitraton 
capacty, such as clays, clay loams and sols underlainby Impermeable 

lenses are best suted for this method. However, mantelof I to 20 cm (6-8 
n.) of good Is desrable. The land should havea slope of between 2 and 

6 percent, so that the wastewater wll flow as asheet over the ground surface. 
Grass s planted to reduce sol eroson andto provide a habtat for the 

flora whch help purfy the waste-water.Since groundwater wil not ikely be 
affected by overland flow, it ofmnor concern In selection. However, the 

groundwater 

table should be deeperthan 0.6 (2 ft) to Insure conditions for 
pant 

growth.When overland flow s used as a secondary treatment process, the 
minmum treatment is screening and possbly grt and grease removato 

avod cloggng of the dstribution system. Disnfecton prior to appl¬caton 
may avoid post-dsnfection and alow spraying at higher pressures.Overland 

flow systems are generally designed on the basis of hydraulic oad¬ing rates, 
although an organic loadng rate or detenton tme might be the criteria 

The 

treatment process essentally bologcal requr¬ng a minmum contact tme between 
sol mcroorgansms and applied waste-water for adequate removals. Liquid 

appication rates used in desgn haveranged from 6 to (2.-5.5 wth a typcal 
loadng being10 cm/wk in./wk).Treatment of wastewater by overland flow 

Is only slightly less effcientthan that by rrigaton (Table 35). Results 
from feld demonstraton pro¬ects have suggested BOD and suspended solds 

removals of 95 to 99 

percent,nitrogen removals of 70 to 90 percent and phosphorus removas of 
50 

to 60percent. Solds and are removed by bologcal oxdaton of thesolids as 
they pass through the vegetative mat. Nutrents are removed102 



manly by crop uptake. Removal mechanisms for other waste constituentsinclude 
bologica uptake and transformations and adsorpton and fixaton inthe 

soil. Management practces important in overland fow are: maintainingthe 
proper 

iquid appication and resting cycles; maintaning an actvebiota and a 
growing grass; and monitorng the performance of he system.Hydraulc loadng 

cyces have been found to range from 6 to 8 hours of spraying folowed by 6 
to hours of drying. Cropping practces are necessaryto stmuate growth and 

subsequent nutrent uptake. Monitoring of loadngcycles s needed to achieve 
maimum removal effciencies.Publc Health ConsderationsThe 

passing of the Federal 

Water 
Pollution Control Act Amendments of 972has focused attention on the 

public health aspects of land applicaton ofwastes. Consequently, the Impact 
of land applcation on the environment,ncluding pubic health, socal and 

egal aspects wil be regulated bystate and federal agencies.Potential 
publc health problems are 

attributed 
to (a) transmsson of pathogens quality, crop contaminaton, and 

insect propa¬gaton. Generally, state heath regulaions and guidelines serve to 

pro¬tect aganst many of these potenta publc health problems.The concern 

for pathogen survval and transmisson involves aerosols, and 

from waste applicaton. The danger of spray aerosols esn their potental for 

transmtting pathogens whch could concevably beinhaled or contaminate 
adjacent lands. Aerosol travel and pathogen survvaland transmission are 
dependent on several factors. Including wnd. tempera¬ture, humidity, and 

vegetative screens. In order to reduce pathogen trans¬mission from spray-irrgated 
aerosols, some safeguards can be emploed.Among these are disinfecton, 

sprnklers that spray horizontally or down¬ward with a low nozzle pressure, 
and adequate buffer or vegetative screeningzonesSurvival tmes of various 

organisms in sol, water and vegetation have beenextensvely reported in 
the 

lterature 
(46). The survival of pathogenicorgansms In the sol can vary from 

days 
to months, dependng on the solmoisture, temperature, and type of 

organisms. In relation to survival of organisms, some bactera do survive for 
a longer tme In sol.The survval of vruses in sol Is essentally 

unexplored.Contamnaton of groundwater s another publc health aspect that must 
beconsidered. n most cases, a sufficient degree of renovaton 

wl be re¬qured to meet the best practcable treatment requirements for 
groundwaterprotection. regulations on Natonal Primary rnkng Water 

Standards,lsted n Table 36, Impose groundwater qualty gudelines upon land applca¬ton 
systems. Ntrates are the most common concern, but other consttuents,including 

stable dssolved sats, trace elements, and pathogensshould be 
considered. 

Thus, proper management practces and extensive moni¬toring programs 
are necessary to compy wth regulatory restrctons.103 



TABLE 36. PRIMARY WATER STANDARDS (49)Constituent or 

characteristicPhysicalTurbidty, 

unitsValueReason 
for 

standardAestheticChemical, 



Another publc health consideration for the land disposal ste is maintain¬ing 

crop quaity with regards to safety for consumption. Many states 
haveregulations 

dealng with the types of crops that may be irrigated with 
degrees 

of treatment requred for varous crops,and purposes for whch the crops 
may be used.Propagation of mosquitoes and 

flies, 
poses health hazard as we as anuisance condition. Mosqutoes are 

known vector of several dseases.Mosquitoes may increase in popuation 
because of the wetter environment andthe availability of standng puddes for 

breedng (50). For these reasonsa mosquto control program may be requred 

as part of the and dsposa steoperation.Government RegulatonsOn a nationwide 

bass, the 

Federa Water Poluton 

Control Act Amendments of972, PL92-500, has been responsble for the renewed 
Interest n land appli¬caton of wastes. PL92-500 places emphass on waste 

management 
alternatveswhich are cost-effective; utlze the best practicabe treatment 

technoogy;and consider reuse and recyclng of water and nutrient resources. 
Landapplication can comply wth these recommendations. A prelimnary 

bulletin(38) released by the addressed several factors whch are important 
tothe envronmenta assessment of a partcular land applicaton opton Includng 

consderatons and guidelnes for desgn.Other laws which are pertnent to 

the practice of land applicaton are theNatona 

Environmental 
Polcy Act of 969 and The Safe Drinking WaterAct. NEPA requires 

the preparation of an environmental Impact statement forall projects Involving 
Federal funds. The Safe Drnkng Water Act setsforth National Prmary 

Drinking 
Water Standards whch apply prmarily to sources used for drinking 

water. Therefore, and applcatonsysems dschargng to groundwater wll be 
forced to meet these standards.In general, the natonal requirement for land 

applcaton of sludges tolands on which crops wll or may be grown must be 

examned closely n termsof protectng publc health and future land 
productivty. 

Sludges must bestabilized to reduce publc health hazards and to prevent 
nusance odor con¬ditons. For some wastes, it may be necessary to acheve 

Increased pathogenreducton beyond that attaned by stablaton. Additionally, 
groundwatershould be protected from pollution. Consderaton shoud be gven 

to theduraton of the proect, the qualty of the groundwater, and If the 
ground-water Is typically used for drnking water suppies wth lttle or 

noaddtional treatment. Specfc groundwater crtera for land applcationapplcation 
systems are contained in the EPA publication, "AlternativeWaste 

Management 
Technques for Best Practcable Waste Treatment" (51)State regulatory 

agencies have recognzed the increasing Interest in theland applicaton 
alternative and thus, are developing reguatons and guide¬nes concernng 

and appcation for use within ther own boundaries.Twenty-six states have 
issued regulatons or gudelines for ths practcewhereas five states are currently 

preparng guideines. Of the remaning05 



states, design plans are approved on a case by case basis. At 
present,these 

regulatons and guidelines vary according to loca geography, 
cli¬matology 

and economy of the states (52). However, similar restrictions canbe 

observed for state land application guidelnes because many of the stateshave 
used similar reference materials: "Great Lakes-Upper Mississippi RiverBoard 

of State Sanitary Engineers - Recommended Standards for Sewage Wastes 
-Addendum 

2" (53) and "Evaluation of Land Applcaton Systems" Site Selection 

and EvaluationThe wide range 

of potential site characteristics greatly complicates anyattempt to 
develop 

standardized evaluation criteria. Even so, intalplanning concerns 
have some degree of commonality which include considera¬tons for and use, 
clmate, topography, and soils and geoogy.The selection of a ite location 

should include both the distance and eleva¬tion difference from the collection 
area. These factors wilaffect the feasibility and economcs of the 

transmission of the tothe ste. Also, of signfcant importance In ste 
selecton 

Is the com¬patiblty of the intended use wth regional land-use plans. 
Knowledgeof current land-use in an area provides an indication of 

the quantty ofland potentialy avalable or suitabe for waste applicaton. A 

review ofland use maps can avod consideration of areas with conflicting 

features.Prevaing climatic conditions wll affect a large number of desgn 

decisionsIncluding; the method of land applicaton, storage requirements, total 
andrequirements, and loading rates. Relatonships between climate and 

landapplcaton systems are shown in a generalzed Climatc map (Fgure 10).The 
depcted zones are only useful In prelimnary planning tages, sncedetailed 

anayss of local climatic data s essentia for design purposes.Zone A has 
a seasonal pattern of precpitation of about 38 to 6 cm (525n.) during the 

months from November to Aprl. Temperatures are mld Inwnter and hot in 
summer. 

Plant growth can continue throuh the yearassuming Irrigaton s 
provded. 

Storage of effluent Is not requred forclmatc reasons. one covers 
the areas that are very hot and ard yearround. Wnter storage s not a 

major concern. Zone includes the areaswhere precptaton Is dsrbued 
throughout 

the year, wt hot, humdsmmers and fairly mld winters. Year round 
operation of land applicatonsystems is possible in these areas. Zone has 

moderately cold wintersand hot summers. Precptaton is dstrbuted throughout 
the year. Wintercondtons are such that storage wll often be requred 

for perods up to3 months. Zone has precptaton occurrng n all months of 
the year,averagng from 50 to 100 cm (20-0 n.) annually. Wnter operations 
areseverely lmted due to low temperatures Ice and snow, thus requringstorage 

for periods up to sx months.The Natonal Weather Service, ocal 
arports, and universites are potentialsources of data. Clmatc factors of 

concern include preciptaton, storm 

Intensity, duration and frequences, temperature, transpiration, and wnd velocty 
and drection. The data base should con¬sider sufficent durations of 

time so that long-term averages and fre¬quencies of etreme condtions can be 

establshed.06 





Topography affects both the water handling capability of a site and the 
ex¬tent 

of contct between waste constituents and soil partcles. Examnationof 
ocal and surroundng topography is useful in determining drainage pat¬terns 

and fow rates of surface and subsurface water. Topographic maps,availabe 
from the are necessary for site selection and subsequentsystem desgn. 

Topographc Informaton of concern Includes ground slopeproximity of 
surface water eroson and flood potental, and existng vege¬tative cover.Sol 

propertes 
determne 

the sutable waste applcation or oadng rate,thereby affectng the amount 
of and required and the method of applcation.Thus, sol properties are often 
considered the most important factors Inselectng both the ste and the 

land applicaton method. Properties that areimportant In describng and evaluating 
soils include sol texture, structureand profle, permeability, ava water 

capacty, and chemical charac¬teristics such as salnty, nutrent levels and 
adsorption and fxatoncapabilties Information on soil propertes can be 

obtaned from theNational Cooperatve Soil Survey, the Agrcultura Extenson 
Service and somestate univerties. characterstics are Important consderations 
in selecting 

aparticular 
ste. The effect of levels on renovation capabilitesand the 

effects 
of the applied waste on groundwater movement and qualtyshould be extensvely 
evaluated. Addtonally, the depth to groundwatershould be determned, 

along wth an evaluaton of the groundwater rate offlow and drecton and 
the permeablity of the aqufer. Informaton onthese sources can be obtained 

from the U.S. Geoogical Survey or State Di¬vsions of Water Resources.Design 
ConsideratonsFor most land applcation systems, vast numbers of design 

possibiltes areavailable 

to suit specfc ste 

characterstics, treatment requirements andoverall proect objectives. The scope 
of factors that are commonly con¬sidered In the design process Include: 

a) 
treatment require¬ments; storage requirements; clmatc factors; 

loadngconstraints; land area requrements; crop selecton and management; 
system components; ste montorng program; and ) costeffectveness.It should be 

recognzed that snce land applcaton system designs are stespecfic, desgn 

crteria must be based on the actual conditions of the siteand therefore cannot 
be generalized.Preapp Treatment Requirements - Treatment of wastes prior 

to landapplcaton may be necessary for variety of reasons Including: 1) 
publchealth regulatons, 2) loadng 

constraints 
wth respect to crtcal wastewater characterstcs and 3) the desred 

effectveness and dependablty ofthe system components. In areas where long-term 
wnter storage Is required,some degree of treatment may be necessary to 

prevent nusance condtons dur¬ing storage.Public heath consderations, pathogen 
transmsson and grondwater qualityare usually the most important factors 

in determining the required degree of08 


